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1. 以野生坛紫菜为材料，利用自制的海螺酶酶解获得原生质体，以 CAT 作
为报告基因，探讨了不同方法将外源基因导入坛紫菜原生质体的可行性。实验
结果表明，用电转化法进行外源基因导入时，可选择电压强度为 1kV/cm，电转
化缓冲液中含 0.8mol/L 甘露醇，以及原生质体密度在 1.2×10




2. 构建了以 SV40 或 CaMV 35S 为启动子、含有坛紫菜 18S rDNA 同源片段、





的表达要比 CaMV 35S 启动子更为有效。 
3. 通过构建含有坛紫菜别藻蓝蛋白基因（apcAB）和 18s rDNA 同源重组序
列及家蚕 MAR 序列的同源重组表达质粒 pSAB，并利用电转化+PEG 法将其导入坛
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体对氯霉素的抗性明显比对照组的要高，提示 CAT 基因可以作为坛紫菜遗传转
化研究很好的筛选标记基因。PCR、PCR-Souther 及基因组的 Southern blotting
的检测结果显示，利用同源重组序列可以将由质体编码的 apcAB 基因整合到坛
紫菜基因组中。Northern 斑点杂交和 ELISA 及 Western blotting 检测的结果表
明，家蚕 MAR 和坛紫菜 18s rDNA 序列可以明显提高外源基因在坛紫菜细胞中的
表达。 
4. 构建了能够同时高效表达坛紫菜别藻蓝蛋白(APC)α和 APCβ 亚基的共
表达载体 pTO-T7-apcAB， 并将构建好的质粒导入表达型大肠杆菌 BL21（DE3）， 
经 IPTG 诱导，对表达产物进行 Western blotting 和质谱鉴定,并通过柱层析等
方法对表达的重组别藻蓝蛋白(rAPC)进行了分离纯化。结果显示：构建的共表
达载体能同时表达 rAPCα和 APCβ 亚基，而且分子量大小与预期一致，分别为
19.7 KD 和 17.0KD。0.5mmol/L 的 IPTG 在 37℃诱导 6h 时，rAPC 表达量达到最
大，达菌体总蛋白 50%以上。Western blotting 和质谱鉴定的结果表明，表达
的融合蛋白确为 APC，而且 rAPC 仍具免疫活性。rAPC 包涵体经 SKL 溶解、透析
后再经 Sephadex G－50 凝胶层析和 DEAE-Sephadex A-50 离子交换层析可得到
较纯的目的蛋白。 
5. 纯化了坛紫菜 APC 和 rAPC，通过 DPPH·法和 MTT 法分别检测了不同
浓度的上述蛋白体外清除自由基的活性和对胃癌细胞 SGC-7901 生长的作用。
实验结果表明，坛紫菜 APC 和 rAPC 在体外均有清除自由基的功能，但 APC 作用
更明显。对体外培养的胃癌细胞 SGC-7901 作用的实验结果表明，坛紫菜 APC
和 rAPC 对该肿瘤细胞株并不起作用，提示 APC 的抗肿瘤活性可能是通过提高机
体免疫机能等作用来实现的。 
 













- 3 - 
Abstract  
The system of transformation foreign gene into protoplasts of Porphyra 
haitanensis including condition of eletroporation, methods of introduction foreign 
gene into protoplasts, homologous recombinant sequence and matrix attachment 
regions, promoter and form of vector were studied. On this basis, the 
allophycocyanin gene which coded by chloroplast was transferred into chromosome 
DNA. At the same time, the co-expression vector, which expressed recombinant 
allophycocyanin of P. haitanensis was constructed. The target protein was purified 
and identified and its bioactivity was analyzed. The results are as follows: 
1. In this study, different methods that introduced CAT gene, a repoter gene, into 
the protoplasts from thalli of P. haitanensis which were isolated with sea snail 
enzyme were analysed. When the CAT gene was introduced into protoplasts by 
electroporation, the condition for electroporation was that field strength was set at 
1kV/cm, the electroporation buffer including 0.8mol/L mannite, and the density for 
electroporation was 1.2×106~1.6×106 cell mL-1. The results indicated that 
electroporation method, electroporation plus PEG method, electroporation plus 
liposome mediated method, PEG-mediated method and liposome-mediated method 
could introduce foreign gene into protoplasts and be able to transient expression. The 
electroporation plus PEG was the most effective method in these methods.  
2. In order to test whether matrix attachment regions and 18S rDNA can influence 
CAT gene transient expression positively in the red alga P. haitanensis, a targeting 
vector pSV40-MAR-HR-CAT containing matrix attachment regions of Bombyx mori 
and a portion of the 18S rDNA of P. haitanensis was constructed. With 
electroporation plus PEG method, the vector was transferred into the protoplasts 
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protein in transformed cells reached maximum at 96 h after transformation and it was 
increased markedly with pSV40-MAR-HR-CAT compared to the pCAT@3-control 
vector (p<0.01). It is suggested that this system can enhance the expression of 
foreign gene in P. haitanensis. The results also indicated that CaMV 35S and SV40 
promoters were effective for CAT gene expression in P. haitanensis. But the SV40 
promoter was more effective than CaMV 35S. Meanwhile, when the linear vector 
was transferred into the protoplasts, it also can enhance the expression of foreign 
genes in P. haitanensis. 
3. A homologous recombinant expression vector pSAB containing the portion of 
the 18s rDNA of P. haitanensis and MARs of Bombyx mori was constructed with 
apcAB as foreign gene and CAT gene as a selectable marker gene. The vector was 
introduced into P. haitanensis by electroporation plus PEG method. It was proved 
that apcAB and CAT genes had incorporated into genome of P. haitanensis after 
selection with chloramphenicol and analysis in DNA, RNA and protein levels. The 
18s rDNA of P. haitanensis and matrix attachment regions of Bombyx mori can 
enhance the expression of apcAB gene in P. haitanensis. The results also showed that 
chloramphenicol could be used as selection pressure for positive transformant when 
CAT gene as a selectable marker gene.  
4. The co-expression allophycocyanin α and β subunits of P. haitanensis 
recombinant plasmid pTO-T7-apcAB which allows the overexpression of a target 
protein in E. coli was constructed. The vector was transformed into E. coli 
BL21(DE3) and induced by IPTG, the induce product was identified by Western 
blotting  and mass spectrum, the expressed protein was purified by two steps of 
Sephadex G-50 gel filtration chromatography and DEAE-Sephadex A-50 ion 
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expressive product, a fusion APCα was about 19.7 KD and APCβ was about 17.0 
KD. The expression products accounted for more than 50% of the total E. coli. 
protein after 6 hours inducing in 37℃. The identification of Western blotting and 
mass spectrum results showed that the target protein was allophycocyaninαandβ
subunits of P. haitanensis and the expressed protein had strong immunoresponse.  
5. In this study, the allophycocyanin and recombinant allophycocyanin of P. 
haitanensis was purifed, and the fuction on free radical scavenging and resistant 
gastric cancer cell line SGC-7901 in vitro was studied. The results showed that both 
allophycocyanin and recombinant allophycocyanin of P. haitanensis were free radical 
scavenger, the scavenger activity of allophycocyanin was higher than recombinant 
allophycocyanin. Whether allophycocyanin or recombinat allophycocyanin had no 
effect of resistant gastric cancer cell line SGC-7901. It indicated that the antitumor 
activity of allophycocyanin might through improve organism immune function to 
realize. 
 
Key words: Porphyra haitanensis, Transfer gene, Homologous recombination, 





























ntou.edu.tw/tech /tech_j/algae001. htm）。 
大型海藻如褐藻门的海带（Laminaria japonica）、鹿角菜 （Pelvelia 









































































开展了有益的探讨并获得了较好的结果（Yamaguchi et al., 1989；马凌波等，
1998；Wakabayashi et al., 1999；余长缨等，2000；林学政等，2000；Srinivasa 
et al., 2002）。目前，应用上述解壁酶已成功建立了礁膜（Monostroma）、浒
台（Enteromorpha）、石莼、黑菜（Eisenia bicyclis）和小海带（Endarachne 









式生物基因组的测序正在进行。据美国著名的生物公司 Integrated Genomics， 
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